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Abstract— An Electro-Hydraulic Actuator (EHA) system is 
usually utilized in production industry such as automotive 
industry which requires precision, high force and long 
operating hours. When dealing with the production of 
engineering parts that require precision, high force and long 
operating hours, a controller is usually required. It is 
observed from the literature, an appropriate tuning 
technique is essential in order to obtain optimal controller’s 
performance. Therefore, a computational tuning technique, 
namely Priority-based Fitness Particle Swarm Optimization 
(PFPSO) is proposed to obtain the parameters of the 
Proportional-Integral-Derivative (PID) controller in this 
paper. The performance of the EHA system will be 
evaluated and compared based on the priority characters of 
the PFPSO tuning technique, which included settling time 
and overshoot percentage that affect the output results of 
the EHA system. As a result, it is observed that the priority 
based on settling time produced a better result, which 
enhances the steady-state performance of the EHA system 
that fulfills the requirement of the precision control.1 
 
Index Terms—Electro-hydraulic actuator system; particle 
swarm optimization; priority-based fitness; position 
tracking control 
I. INTRODUCTION 
The dynamics of an actuator are usually generated 
through a different type of energy sources, including 
hydraulic, pneumatic and electric. As compared to the 
pneumatic and electrical actuators, a hydraulic actuator is 
widely used in industries due to its capability in 
generating large torque, high power and accurate 
positioning with fast motion [1]. The hydraulic actuator is 
an actuator system that utilizes pressurized hydraulic 
fluid, which is functioning as a drive or transmission 
system in generating a dynamic [2].  
However, the nonlinear electro-hydraulic system is 
suffering from nonlinearities and time-varying 
characteristics such as high speed, outburst starting and 
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stopping dynamic that produced by the flow and the 
pressure in the hydraulic system. The nonlinear properties 
causing a backlash in the control valve, actuator friction, 
distinction in fluid volume that make the system models 
and controller designs more complex [3]. 
The nonlinear properties that are produced through 
pressure and flow rate of the hydraulic system required a 
suitable controller to achieve better performances. In the 
previous works, there are many types of control 
techniques have been reported, which can be utilized to 
control the tracking capability of a nonlinear electro-
hydraulic actuator system. Each of the control techniques 
required a proper tuning technique and some of the 
advanced tuning techniques have been reported recently 
such as Particle Swarm Optimization (PSO) [4-7], 
Genetic Algorithm (GA) [8-10], and Differential 
Evolution (DE) [11,12]. 
Instead of using a conventional PSO tuning technique, 
a different tuning method has been implemented in the 
gantry crane system which is the PSO based on the 
priority-based fitness schemes as proposed in [13]. The 
priority-based fitness Particle Swarm Optimization 
(PFPSO) has been utilized to obtain the parameters of the 
Proportional-Integral-Derivative (PID) that used to 
control the trolley position and the Proportional-
Derivative (PD) that control the oscillation of the payload. 
The accuracy and the robustness toward the disturbance 
for the trolley’s position and the payload’s oscillation 
have been significantly improved. 
In this paper, the effect of the PFPSO algorithm 
applied to the EHA system will be analysed. Rather than 
searching for the entire particles fitness, the algorithm 
will be executed by exploring the fitness based on the 
priorities, including the settling time and the overshoot of 
the EHA system. The priority that generates better 
steady-state performance will be referred since the 
accuracy is considered as the highest priority in the 
performance evaluation of the EHA system. 
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The paper will continue by following sections: section 
II will describe the model of the system. The simulation 
studies will be explained in section III. Section IV will 
present the results and discussion. Finally, conclusions 
are drawn in section V. 
II. SYSTEM MODELLING 
The pipeline will act as a medium of oil transmission 
between hydraulic cylinder and the servo valve in an 
EHA system as shown in Fig. 1. The oil flow regulated 
from the cylinder chamber to the hydraulic cylinder will 
produce the cylinder actuator displacement. The damper 
and spring that are attached to the mass will generate the 
counter force against the cylinder actuator [14]. 
 
Figure 1. The EHA system schematic diagram. 
The mechanical motion of the spool valve will be 
produced by electric current that supplied by the coil 
connected to the servo valve. The servo spool valve will 
be drive to the desired position by the torque motor that 
received the power source. The voltage of the motor is 
given as in (1), [15]. 
 IRL
dt
dl
V cc   (1) 
where Lc and Rc are the inductance and resistance in the 
coil respectively. 
The dynamics equation of the servo valve is 
represented by an equation that related from the motor to 
electric current drive as expressed in (2). 
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where ω is the natural frequency of servo valve, while ξ 
is the damping ratio. 
The spool valve is unexposed from dead-zone 
problems and flow leakages for each port in servo valve 
mechanical design. The flow rate, Q for the chamber 
which controlled by servo valve can be modelled from 
the orifice equations relates the pressure difference Pv and 
spool valve displacement xv. The orifice ideal equation is 
written in (3). 
 vv PKxQ   (3) 
The equation of flow rate can be calculated using (4) 
and (5) by neglecting the servo valve internal leakages for 
each chamber. 
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The volume of hydraulic actuator for chambers 1 and 2 
are modelled in (6) and (7). 
 )(1 pspline xxAVV   (6) 
 )(2 pspline xxAVV   (7) 
where Vline is the volume of pipeline and hydraulic 
cylinder. 
Pressure for both chambers 1 and 2 can be obtained by 
relate the flow rate, volume and bulk modulus as 
expressed in (8) and (9). 
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The total force which produced by hydraulic actuator 
after considering all the dynamics equation can be 
obtained in (10). 
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The EHA system parameters used in simulation study 
have been tabulated in Table I. 
TABLE I.  EHA SYSTEM PARAMETERS 
Symbo
l 
Value Description 
Isat 0.02 A Torque motor saturation current 
Lc 0.59 H Servo-valve coil inductance 
Rc 100 Ω Servo-valve coil resistance 
ξ 0.48 Servo-valve damping ratio 
Ks 10 Nm Spring stiffness 
Xs 0.1 m Total actuator displacement 
Ap 645x10
-6 m2 Piston area 
Mp 9 kg Total mass 
Bs 2000 Ns/m Damping coefficient 
ωn 543 rad/s Servo-valve natural frequency 
K 2.38x10-5 m5/2/kg1/2 Servo-valve gain 
β 1.4x109 N/m2 Hydraulic fluid bulk modulus 
Ps 2.1x10
7 Pa Pump pressure 
Pr 0 Pa Return pressure 
III. METHODOLOGY 
A. Electro-hydraulic Actuator (EHA) System 
Fig. 2 demonstrates the established EHA system model  
which is adopted from the work done in [15].  
P1 P2 
A2 
Ap 
A1 
Q2 Q1 
Ks 
Xp 
Pr Ps 
Xv 
Bs 
M 
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Figure 2. The Structure of EHA system.
Fig. 3 illustrates the block diagram of EHA system 
with PID controller optimize by using PFPSO technique 
with different priorities as discussed earlier.  
 
Figure 3. The block diagram of EHA system with PID controller. 
B. Particle Swarm Optimization (PSO) Technique 
Particle Swarm Optimization (PSO) is introduced by 
James Kennedy and Russell Eberhart in 1995. It was 
developed from the swarm intelligence and based on fish 
and bird flock movement behavior to find the food [16]. 
A number of particles that are moving around the 
searching space is used on the basic principle of the PSO 
algorithm to look for the best solution. Each particle will 
keep track of its coordinate in the fitness equation that 
has achieved by that particular particle. This value is 
known as personal best, PBEST. Another value called global 
best, GBEST is tracked by the PSO. Each particle can be 
shown by its current position and velocity as shown in 
(11) and (12).  
 11   iii vxx  (11) 
 )()(v 2211
i1 i
BEST
i
BEST
i xGrcxPrcv    (12) 
where:  
 
𝑥𝑖+1  = position of particle at iteration k 
𝑣𝑖+1  = velocity of particle at iteration k 
𝜔  = inertia weight factor  
𝑟1, 𝑟2 = random numbers between 0 and 1 
𝑐1, 𝑐2 = acceleration coefficients 
 
C. Priority-based Fitness in PSO (PFPSO) Technique 
As discussed earlier in section I, Priority-based Fitness 
Particle Swarm Optimization (PFPSO) is introduced by 
Jaafar in 2012 [17] The PBEST and GBEST values are updated 
according to the priority: settling time (Ts) and overshoot 
percentage (OS%). The Fig. 4 shows the flowchart of 
Priority-based Fitness Particle Swarm Optimization 
(PFPSO) technique in optimizing the PID parameters in 
EHA system.  
 
Figure 4. The flowchart of PFPSO technique in optimizing PID 
parameters. 
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EHA 
Performance 
Simulation 
The main study in this paper is the optimization 
technique to find out the parameters of the PID controller. 
As discussed earlier, the particle swarm optimization 
(PSO) technique with two different priorities which are 
settling time and overshoot percentage will be chosen to 
optimize the PID parameters. This technique is called as 
Priority-based Fitness Particle Swarm Optimization 
(PFPSO) technique. 
First, the settling time will be chosen as the priority 
followed by overshoot percentage in optimization process 
and get the PID controller parameters as shown in Fig. 4. 
The step input is then fitted into the system and the 
performance of the controller to the EHA system is 
recorded. The same procedure is done by exchanging the 
settling time and overshoot percentage as the priority in 
the optimization process. 
The PID parameters and performance of the EHA 
system in terms of steady-state error is recorded. All the 
results are tabulated in tables and discuss in the next 
section.  
IV. RESULT AND DISCUSSION 
Table II shows the PID parameters after optimization 
using the PFPSO technique with different priorities. 
TABLE II.  PID PARAMETERS AFTER OPTIMIZATION WITH DIFFERENT 
PRIORITIES 
           Priorities 
PID  
Parameters 
Settling Time 
(Ts) 
Overshoot 
Percentage (OS%) 
Proportional (P)  317.3733 203.0915 
Integral (I) 0.0215 0.0107 
Derivatives (D) 0.0796 0.0294 
 
Using the value of PID parameters in Table II, the 
simulation is executed and the output performance of the 
EHA system with different priorities is shown in Fig. 5.  
 
Figure 5. Graph of EHA Displacement against Time with different 
priorities PID parameters. 
The performance analysis is done on both simulation 
based on the overshoot percentage (OS%), settling time 
(Ts), and the steady-state error (ess) of the EHA system. 
All the results are recorded as in Table III.  
TABLE III.  PERFORMANCE ANALYSIS OF EHA SYSTEM FOR 
DIFFERENT PRIORITIES 
 1st Priority: 
Settling Time 
2nd Priority: 
Overshoot 
Percentage 
1st Priority: Overshoot 
Percentage 
2nd Priority: Settling 
Time 
Settling Time (s) 0.0150 s 0.0190 s 
Overshoot Percentage 
(%) 
1.8964 % 1.5989×10-4 % 
Steady-state Error (ess) 1.3673×10
-4 m 1.5989×10-4 m 
From the result in Table III, for the first simulation that 
settling time is chosen as the priority in PSO optimization, 
the settling time is less than the second simulation which 
overshoot percentage is the priority of the PSO 
optimization. As for the second simulation, the overshoot 
percentage is obviously much less than that in the first 
simulation.   
As for the steady-state error, the first simulation that 
takes settling time as priority has the less steady-state 
error which has a value of 1.3673×10
-4
 m as compared 
with the second simulation that takes overshoot 
percentage as the priority which has a value of 
1.5989×10
-4
 m. The simulation that generates better 
steady-state performance will be referred since the 
accuracy is considered as highest priority in the 
performance evaluation of the EHA system. 
V. CONCLUSION 
A PID controller is designed in this simulation works 
to improve the positioning performance of the Electro-
Hydraulic Actuator (EHA) system. An existing PSO 
optimization technique with different priorities is studied 
and applied in optimizing the PID parameters. From the 
simulation results, the first simulation which has the 
settling time as the highest priority had given a 
satisfactory output performance than the second 
simulation based on their steady-state error. It is 
recommended for the future works that the robustness of 
the proposed controller in this paper will be tested 
according to the changes in the system’s parameters.  
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